We examine the effects of digital access on the prevalence of democracy and its diffusion via geographical and trade networks across 152 countries between 2000 and 2008. Although civil liberties and media freedom show a consistently positive relationship with different forms of digital access, our dynamic models that allow co-evolution of digital access, democracy and trade tie formation suggest that high mobile penetration has a more significant impact on civil liberties than Internet access does, and may also increase a country's "susceptibility" to democratic changes in neighboring nations. We explore possible drivers of these empirical findings, discussing some social and political implications.
Overview and Motivation
On January 14 th , 2011, President Zine El Abidine Ben Ali stepped down as the president of Tunisia, reacting to a localized series of protests that had begun in the central Tunisian town of Sidi Bouzid four weeks earlier. Over the next ten days, thousands of people in neighboring Egypt demanded the resignation of their president Hosni Mubarak, an Egyptian Facebook page was set up to coordinate protests in Cairo, and there was widespread revolutionary activity in countries that included Yemen and Algeria. These protests soon fanned out across the region, and by early February, 11,000 Syrians had joined a Facebook page called The Syrian Revolution, citizens of Yemen, Jordan, Morocco and Oman were staging public rallies, and the government of nearby Kuwait had made key interior government changes towards pre-empting demonstrations. The short-term culmination of these events was a series of protests at Tahrir Square that was covered extensively by the international press and which soon led to resignation of Hosni Mubarak on February 11 th , 2011, later spawning a civil war in Libya and persistent unrest in Yemen. Regional diffusion of revolution in this way is not unprecedented. Many writers have drawn a parallel between this recent "Jasmine Revolution" or "Arab Spring" and the Spring of Nations of 1848, which began in Sicily in January, became more visible in France in February, then spread through much of Europe over the year (Evans and Strandmann, 2000) 1 .
A newer and recurring theme associated with the 2011 events in Northern Africa has been a focus on the role that information technologies and social media may or may not have played in sustaining and diffusing revolutionary activity and political change. Press coverage concurrent with the events frequently emphasized the enabling role of the Internet, even going so far as to label these "Twitter
Revolutions" or "Facebook Revolutions". However, the ex-post and deeper analysis has been more cautious in ascribing any causal role to social media 1 These revolutions were largely suppressed by the end of the year and it is generally believed that they did not lead to a great deal of reform beyond the abolition of serfdom in Austria and Hungary.
technologies, although pointing to two key aspects of information technologiesproviding access to information and providing a means for coordination -as potential sources of their catalyzing effect on democratic change 2 . For example, in a prescient Foreign Affairs article in January 2011, Clay Shirky notes that:
"The safest characterization of recent quantitative attempts to answer the question, Do digital tools enhance democracy? is that these tools probably do not hurt in the short run and might help in the long run -and that they have the most dramatic effects in states where a public sphere already constrains the actions of the government. Despite this mixed record, social media have become coordinating tools for nearly all of the world's political movements, just as most of the world's authoritarian governments (and, alarmingly , an increasing number of democratic ones) are trying to limit access to it." (Shirky, 2011) Similarly, Fareed Zakaria adopts a more neutral position in summarizing his view about how information technologies might affect democratization: "It's too simple to say that what happened in Tunisia and Egypt happened because of Facebook. But technology -satellite television, computers, mobile phones and the Internet -has played a powerful role in informing, educating and connecting people in the region. Such advances empower individuals and disempower the state. In the old days, information technology favored those in power, because it was one-tomany. That's why revolutionaries tried to take over radio stations in the 1930s -so they could broadcast information to the masses. Today's 2 This is not the first new technology has been connected to the diffusion of revolution; there is also conjecture that while the information transparency facilitated by the emergence of newspapers played a role in sustaining the 1848
Spring of Nations revolution within each country (Zakaria, 2011) , there were no technologies for coordinating revolutionary activity across the neighboring countries (Evans and Strandmann, 2000) .
technologies are all many to many, networks in which everyone is connected but no one is in control. That's bad for anyone trying to suppress information." (Zakaria, 2011) It is indeed too early to assess whether the revolutions in Northern Africa will lead to longer-run political reform, or whether information technologies will play a pivotal role in sustaining either the activism or any subsequent democratic change. Nevertheless, these events provide timely motivation for the question we "I describe the changes that could -and are -pushing the Net from the unregulable space it was, to the perfectly regulable space it could be.
These changes are not being architected by government. They are not the product of some 1984-inspired conspiracy; they are the consequences of changes made for purely pragmatic, commercial ends." (Lessig, 2006, p.38) In a related vein, Nissenbaum (1998) Before providing evidence that addresses our question empirically, we will (1) make the idea of "democracy" more precise, (2) discuss the connection between technological progress, different kinds of "digital access" and the emergence of democracy, and (3) briefly mention the different networks over which such diffusion, if it exists, might occur. Similarly, Zakaria (1997) notes that to define democracy as meaning "'a good government' renders it analytically useless." These issues notwithstanding, our objective in this paper is to study the effects of networks and digital access on democracy itself, rather than the effect of democratic institutions on their intended outcomes, and we therefore lean towards measures that are both procedural and substantive definitions. This is consistent with the thinking of Zakaria (1997) who argues that defining democracy merely based on how a country chooses its government may be too narrow and citing the emergence of a number of "illiberal democracies", countries whose governments might be chosen using democratic procedures, but whose citizens lack basic liberties of speech, assembly and religion. A similar contrast is drawn by Diamond (2008) between "thick" and "thin" democracies. This distinction between political rights and civil liberties motivates including some measure of both in assessing the "level" of democracy in a country. We are particularly interested in changes in civil liberties that relate to freedom of expression, the right to associate freely, and personal autonomy, since intuitively, these are most likely to be altered directly by changes in citizens' digital access. We also consider a third measure of democracy, namely media freedom, since it is possible that the path via which digital access leads to a change in civil liberties or political rights is through its impact on freedom of the media; indeed, there is a long-standing belief that a free press is an essential precursor to a strong democracy (McChensky and Nichols, 2009 one time or another been described as democratizing, liberating forces." (Winner, 1986) Glancing through recent examples suggests that while the connection between digital access and democracy could be real, it is unlikely to conform to a return to an Athenian style of democracy with direct participation by citizens (Giridharadas 2009) Access to information and the ability to coordinate are familiar as the underlying transformative effects of information technologies on organizations and markets (Gurbaxani and Whang 1991) . While we do not attempt to parse these effects separately in our analysis, they motivate us to adopt a broader definition of "digital access" to include not just Internet access but access to other technologies for information access and coordination, including landline telephones and mobile 'phones. The inclusion of the latter is further motivated by recognizing that for a vast majority of the industrializing world, the mobile Internet will be the only Internet, and mobile 'phone adoption is a precursor to broader digital access. A series of prior studies that have examined the connection between digital access and the emergence of democracy often include both information and communications technologies: for recent examples, see Grolshek (2010) or Howard (2010) and the references they cite. increase in the physical distance of the country a web site is based in from the country a user resides in reduces website visits by 3.25%. This connection notwithstanding, since the diffusion of democracy across countries, if it occurs, will be driven largely by the spread of ideas and information, it is likely that nongeographic networks that facilitate this spread will play an equally important role.
A proxy we use for this kind of "idea" network is a network based on trade flows between countries, which while clearly not mirroring the flow of information or ideology, serves as a reasonable approximation.
Data
Our analysis uses a panel comprising data about annual measures of democracy, 
Control variables.
We use a number of control variables that we believe might alternatively explain temporal and cross-country variations in the specific measures of digital access and democracy we have described above. These include measures of political structure as well as measures of economic development. Our two controls for political structure are:
 Checks: an approximate measure of the balance of power within a government. Checks is incremented by one for each chamber in the legislature and by one for every party active in the government which has an ideological center closer to the main opposition than to the executive's party. For autocratic countries, Checks equals one. They are:
 MaleLaborForce: The proportion males older than 15 in the population who provide labor during the year.  LifeExpectancy: the number of years that a newborn infant is expected to survive if the mortality rates remain constant. 
Digital Access, Democracy and Diffusion
Our initial analysis uses panel data methods (Woolridge, 2002) to provide an assessment of the relationship between democracy, digital access and our two networks of countries. We have chosen to use CivilLiberties as the dependent variable across the entire analysis of this section. This is based on our belief that civil liberties are likely to be affected more rapidly by changes in digital access than political rights which require more substantive structural changes in the way government is organized. (In the language of Faris and Etling 2008, civil liberties are altered more by changes in "vertical processes" that digital technologies have a more natural impact on, while changes in political rights depend more on corresponding changes in "horizontal processes".) Our empirical design assesses the direct impact of digital access and neighbor characteristics on civil liberties; additionally, as discussed briefly in an earlier section, we include media freedom as an independent variable since it is possible that the changes induced by digital access are mediated by changes in media freedom. We have estimated models that include PoliticalRights as a control variable and those which do not, with no directionally significant differences in any of the coefficient values. Retaining both these alternative measures of democracy in each of our specifications ensures that we are not incorrectly ascribing a change in civil liberties to a change in digital access when in fact the former may have been caused by a change in one of these other related measures of political structure or freedom.
We control for unobserved heterogeneity in our data by grouping the panel data by continent and by country (as indicated under "grouping" in Table 2 ). This grouping is based on our conjecture that there may be unobserved causes for the variation in democracy across continents, as well as admitting the possibility that the nature of the effects of digital access on civil liberties may vary across different regions of the world. Consequently, we report on estimates that use fixed effects, as well as those which use random effects and random coefficients to account for unobserved heterogeneity. More precisely, each of our mixed model specifications places a random coefficient on the Checks control variable, specifies a random intercept, and random effects that are grouped hierarchically by continent and then by country. Each of our fixed effects specifications groups the data by continent and by country. Further details on these methods and of our specific implementation of them are available in Woolridge (2002) and Pinheiro et al. (2011) . Table 2 summarizes the results of a subset of our panel data analysis. A number of interesting observations emerge from this analysis. As illustrated by the first two rows of Table 2 , civil liberties are positively associated with both political rights and media freedom, and this relationship is significant for every model specification we have tried. More importantly, most of our model specifications find a positive relationship between changes in civil liberties and changes in each of our three measures of digital access: the density of Internet users, the density of mobile 'phone users, and the density of traditional (wireline) phone users. Notice that this positive relationship between digital access and democracy is significant after accounting for the two related measures of democracy (political rights and media freedom), both political structure variables (electoral democracy and checks), and controlling for changes in all 8 of the measures of economic development discussed in Section 2 (GDP, labor participation, fraction of urban population and so on) that might be simultaneously causing changes in both digital access and civil liberties. We restrict our interpretation of these coefficients to their signs, while noting that their magnitudes are in a range that makes their impact noticeable. There is also some evidence that this effect is more pronounced for countries with a lower base level of Internet access density (based on the fact that the InternetThreshold variable interacted with the InternetDensity variable has a positive and significant coefficient); interestingly, we did not find evidence of a similar effect for mobile access density.
We also find that a country's level of civil liberties are positively related to the level of civil liberties of its neighbors, both in the trade network as well as in the geographic network. This evidence is consistent with a theory that civil liberties diffuse across connected countries. Additionally, we find no evidence that a country's civil liberties are associated with other measures of its neighbors' digital access or levels of democracy. Furthermore, interacting both our digital access threshold variables with the civil liberties network variables indicates that this diffusion effect may be more pronounced for countries that have a high level of mobile access. This is striking because it provides the first evidence that a form of digital access, one that is especially dominant and growing in the industrializing world, may amplify these spillovers in democracy across countries.
While we see a similar (albeit smaller) positive amplification effect for traditional Internet access, it is not statistically significant. These empirical results are consistent with a theory that digital access makes a country's citizens more aware of changes in the countries that they are politically and economically connected to, and perhaps this awareness translates to activities by these citizens that make the diffusion of these changes more likely. An alternative explanation is that higher levels of digital access induce a change in citizens (for example, a greater level of "networked individualism", or a greater ability to coordinate actions) which in turn may lead to a greater propensity to react to changes they become aware of via non-digital information channels.
There is a possibility that it may take a few years of sustained high levels of digital access before one observes changes in civil liberties, which would suggest the possibility that digital access has a lagged effect of on civil liberties. We explored this possibility empirically by estimating and analyzing a number of dynamic panel models. The results are quite sensitive to the lag structure we impose, and these dynamic panel models are perhaps not best suited for longitudinal network data in which the network changes over time. Consequently, we instead adopt a more structured dynamic network analysis which we describe in our following section.
The Co-Evolution of Democracy, Trade Networks and Digital Access
While our results thus far suggest a persistent relationship between digital access and democracy, as well as suggesting the possibility that there are spillovers in democracy across connected countries that are amplified by digital access, there may be possible alternative explanations for our findings. For example, rather than being induced by changes in digital access, higher levels of civil liberties may cause individuals to seek greater digital access. It is also possible that countries simply form trade ties with higher export and import flows with others whose civil liberties are similar to theirs, for example, in response to their citizens not wanting to trade with countries with poor human rights records. Thus, changes in civil liberties may cause change in trade ties, rather than the ties inducing a diffusion of the changes in liberties.
It is well documented that when considering changes in behaviors across networked individuals, one should consider the possibility of the co-evolution of these individuals and their networks: changes in the network may cause changes in behaviors, which in turn may induce further changes in individual behavior (Lazer, 2001) . A similar dynamic is possible with countries and their levels of democracy: information flows via trade networks may induce changes in political rights or civil liberties, and these changes may in turn cause a reconfiguration of the network of trading partners. It could also be that nodes with similar levels of democracy choose to form ties with each other. Put differently, the trade network of countries may display assortative mixing in democracy levels due to "homophily", selection or actual influence-based diffusion.
There are a number of possible approaches that can partially identify and distinguish between these different effects from our longitudinal data sets of networks and behaviors. We have chosen to base our dynamic empirical analysis on the stochastic actor-oriented model of Snijders et al. (2010) . While we considered using the matched sample framework of Aral et al. (2009) , it is better suited for larger networks where node homophily rather than new tie formation is the alternative explanation for influence-based diffusion. In contrast, the SIENA framework lends itself more naturally to our setting of continuous co-evolution of network ties and node "behaviors" in a relatively small network.
The model underlying SIENA decomposes the evolution of the system into two related processes that unfold in parallel over time: the evolution of the trade network and the evolution of associated "behaviors" and "covariates": digital access, democracy and the political/economic development controls. It is assumed that the "behaviors" (which are our variables of interest) and the network may change at any instant in continuous time, although we, the researchers, only observe the state of the network at discrete time intervals; the remaining "covariates" change only at those time instants that the network is observed.
There is a rate associated with each behavior and with the network in each time period (between each observation), which captures the overall propensity of changes in the network/behavior during that period.
For computational reasons, we estimate this model using data from three (rather During the period 2000-2004 (or alternatively, 2004-2008) , each node A of the trade network is modeled as evolving a function of three network characteristics:
 OutDegree, the number of existing countries to which country A is a top exporter, which reflects an expectation that forming new trade ties is inherently costly and there is a limit on the number of countries to which one can export sufficiently high volumes to be a top exporter.  Reciprocity, whether each potential neighbor is a top exporter to country A, which reflects an expectation that on average, high volume trade ties tend to be reciprocal.  Transitive triplets, which admits the possibility that if A is a top exporter to B and B is a top exporter to C, this could affect the propensity of A to be a top exporter to C.
In addition, the network is modeled as evolving as a function of each of the three behaviors (the measures of democracy), the two primary measures of digital access, and GDP. The three kinds of effects that these node characteristics are specified as possibly having on trade tie formation are ego (the level of democracy or digital access can affect the propensity of a country to form top exporter ties), alter (the level of democracy or digital access can affect the propensity of a country to be the recipient of exports), and similarity (a country may have a higher propensity to form export ties with other countries which have a similar level of democracy or comparable levels of digital access). Correspondingly, the levels of democracy of a country are modeled as evolving as follows: based on a basic level effect (which captures the overall preference for each measure of democracy), a quadratic effect (which captures the possibility that the current level of democracy may affect the future level of democracy), effects from other measures of democracy (which captures the possibility that, for example, the current level of media freedom might affect the future level of civil liberties), and effects from the levels of digital access (for example, a higher level of mobile access may cause an increase in the level of civil liberties).
The results of this analysis are summarized in Tables 3(a) 
Concluding Remarks
We have examined the effects of digital access on the prevalence of democracy and its diffusion via trade/geographical networks across 152 countries between 2000 and 2008. Our panel data analysis uncovers a consistent positive relationship between civil liberties and digital access, and suggests that mobile access may also increase the extent to which a country to democratic changes in neighboring nations. Investigation of this relationship further using a dynamic actor-oriented model of the co-evolution of digital access, measures of democracy and trade tie formation suggests that mobile access has a stronger positive intracountry effect on civil liberties than Internet access, which may in fact have a negative effect on democracy. Our analysis is based on a publicly available data and uses state-of-the-art empirical econometric and network analysis methods. To our knowledge, our work represents the first attempt to simultaneously examine changes in digital access and the evolution of different measures of democracy while admitting the possibility of inter-country spillovers and trade partner selection effects.
While trade flows and geography appear to be the best available proxies at this time, it would be useful for future studies to have richer data about the intercountry linkages that capture the diffusion of information and ideology more precisely. Also, while we control for a number of country-specific factors, studies like ours would benefit from variables that capture variation in socio-political structure and history. As Haykel (2011) points out, these may be important determinants of the susceptibility of a country to the regional diffusion of democratizing revolutions.
We have entered an era in which new generations of socially and economically important technologies like mobile computing devices, social media and locationbased software get created for and refined by consumers rather than by large enterprises, a trend often referred to as the consumerization of information technologies (Bapna et al., 2011) . This contrasts the "business first" historical pattern of evolution of hardware (from mainframes to minicomputers to PCs) and software (from accounting information systems to enterprise resource planning systems and spreadsheets) and their associated transformative impacts on business (Dhar and Sundararajan, 2007) . The consumerization of IT is not just about a change in the target market for new technologies; it represents a fundamental paradigm shift which gives distributed people new capabilities for human endeavor and freedom, and may lead to information technologies fulfilling their true potential for societal and national transformation. The dominance of the democratizing effects of mobile access over traditional Internet access is especially encouraging in this regard, given that this is the device that is at the forefront of the consumerization of IT, and which will be the conduit for digital access for a vast majority of new Internet users over the coming decades.
The impact of digital access on freedom and its diffusion is still in its infancy. The longer-run effect of having a technologically connected world on basic civil liberties and political rights will unfold over the coming decades. Our analysis provides a first empirical step towards uncovering what this impact might look like. We look forward to participating in and analyzing the continued democratizing effects of information and communications technologies.
